J HELLENIC , 69(2): 951-958 ΠΕΚΕ 2018 ABSTRACT. Light is considered one of the most managerial factors affecting poultry well-being. Therefore, the current study was conducted to investigate the effects of different light colors in behaviour, welfare and growth performance of Fayoumi chickens.
INTRODUCTION

I
ncreasing competition and energy cost in the poultry industry are the mainsprings for chicken producers to minimize the cost of growth. From an economic standpoint, management strategies should focus on what is optimal for chicken welfare and growth performance simultaneously. Recently, producers and consumers are more concerned about the product quality and in which condition poultry is reared (Harper and Henson, 2001) .
A high genetic diversity among commercial lines may be considered a key for selecting well adapted lines to tough environments, but these lines if exposed to novel environments, their welfare status may be affected (EFSA, 2010) . Recent genomic studies confirmed that Fayoumi chickens were adapted and raised in hot and very dry areas of tropical and sub-tropical conditions (Hossary and Galal, 1994) . It needs high capacity to tolerate harsh environmental Egyptian conditions with limited nutritional requirements when compared with breeds in the rest of the world (Ghamry et al., 2011) .
Light is necessary for bird's vision influencing the visual acuity and color discrimination (Calvet et al., 2009) . Moreover, the lighting system in chicken house must be designed and maintained in order to give a minimum illumination of 20 lux, that enables thorough inspection and vision without difficulty (RSPCA, 2013) . Domestic fowl differs from human in spectral sensitivity which illustrates the importance to identify the optimal light environment for health, behavior, welfare and production of broiler chickens. They are sensitive to ultraviolet, blue, green and red on the light spectrum (Prescott and Wathes, 1999) through retinal and deep brain photoreceptors (Kuenzel et al., 2015) . Moreover, they also have 3 advanced light receptors within the brain that play a foremost role in the biological and physiological functions (Bertolucci and Foa, 2004; Wyse and Hazlerigg, 2009 ).
To increase their income, producers are capable of handling and modulating management factors such as temperature, humidity, ventilation, gases and light intensity, duration and color. From the aforementioned factors, light is the most critical one as it controls many physiological and behavioral functions (Olanrewaju et al., 2006) . Light consists of 3 different aspects; intensity, photoperiod (duration) and spectral content color (Olanrewaju et al., 2006) . The light color is estimated by various outputs from different wave lengths in the visible spectrum (Anja, 2015) .
The efficacy of lighting is to achieve a maximum production performance of broilers with simultaneous conservation of the welfare (Škrbić et al., 2012) .
The source of light color can affects poultry performance (Jin et al., 2011) . The green light activated growth rate, while the reddish orange light stimulated reproduction (Rozenboim et al., 2004) . The green light can increase the growth of young birds, while the blue light stimulates the older ones (Classen et al., 2004) . Egypt is a member of the OIE (World Organisation for Animal Health), therefore it should align its national legislation with the OIE recommendations on the welfare of broiler chickens (FAO, 2014) , but the majority of areas in Egypt still use outdated lighting technology (El-Sheikh, 2016) . The objectives of this experiment was to assess the impact of different light colors in behavior, growth performance and welfare parameters of Fayoumi chickens under subtropical condition.
MATERIAL AND METHODS
The present study was carried out at Faculty of Veterinary Medicine, Zagazig University, Egypt. The experimental procedures were conducted in accordance with the Zagazig University Animal Ethics Committee guidelines .
Experimental animals and management: A total 300 one-day old chicks of Fayoumi breed purchased from a commercial hatchery were weighed upon arrival and randomly distributed into 4 environmentally controlled chambers with different artificial light color (yellow, red, green and blue) with 24 hrs of photoperiod program until the end of the experimental period (12 weeks); each was divided into five replicate brooders (15 birds for each replicate). A scanning technique was used to report the chicken's behaviors. Moreover, the plumage condition, foot and toe hyperkeratosis, foot and toe lesions (foot pad dermatitis) and growth performance were evaluated. Light intensity for all treatments was kept at the same lux level (25 lux), measured with lux meter along a horizontal plane 20 cm above the litter. Chickens were vaccinated against the most common chicken diseases of the area, namely Infectious bronchitis (at 5 days of life), Newcastle disease (at 5 and 10 days of life), Gumboro disease (at 7 and 14 days days of life) and fowl pox (at 30 days days of life). The pen floors were covered with approximately 10-cm of wood shavings. Food and water were available ad libitum throughout the study. The basal diet was calculated to meet the nutrient requirements of broilers (AOAC, 2002) which fed two types of rations; The first ration during the starter period (0-4wks; crude protein "CP" 23.20% and metabolized energy "ME" 3218 kcal/kg diet) and the second ration during the growing-finishing period (4-12wks; CP 19.55% and ME 3218 kcal/ kg diet).
Behavioral observation: Direct observations of chicken's behaviors were carried out using a scanning technique (Fraser and Broom, 1990) . Behavioral observations were performed as follows: each group was observed three times a day (20 min/each time) for four days weekly at a circularly fixed time from 6 A.M to 5 P.M in order to record the different behavioral patterns. The behavioral patterns in all experimental groups were recorded by the same person through standing directly in front of each group and waiting for ten minutes before recording data to avoid any disturbance in behaviors (Mohammed et al., 2010) . After scanning, the numbers of Fayoumi chickens were counted in the observed chambers to calculate the frequencies of various behaviours/one hour. These numbers were used to record the activities of chicken according to Senaratna et al., (2011) in all experimental groups.
Growth performance: Growth performance was recorded according to Taha and Abd El-Ghany, (2013) , where broilers were weighed on 1 st day of age as one day-old live weight (Mohammed et al., 2017) and then live body weights were subsequently estimated weekly until 12 th week of age. Daily body weight gain (DBWG) was estimated by the difference between the recorded initial and final body weight (BW) divided by the number of days in the whole period of experiment. Also, the average feed intake (FI) was measured daily after calculating the feed residues. Furthermore, relative growth rate (RGR) and feed conversion ratio (FCR): (feed intake/weight gain) over a period of experiment were estimated.
Plumage scores: It was measured for all birds from each group at the end of experimental period, where the plumage condition of the head, neck, breast, belly, back, wings, vent and tail was assessed by using 4-point scale from 1 to 4 for each part, where 4 was the best condition and 1 was the worst condition (Bright et al., 2006; Welfare Quality 2009 ).
Foot condition:-
At the end of experimental period, both feet of all chicken were examined, where the areas of possible foot pad dermatitis and hock burns should be distinguished and assigned using Tauson scale (Tauson et al., 1984) i.e. the scoring system assigned a value of 1 to 4 for each part, where 4 was the best condition and 1 was the worst condition.
Statistical analysis:-All statistical procedures were performed using the SAS statistical system Package V9.2 (SAS, 2002) . Data were analyzed using one-way ANOVA with the general linear models (GLM) procedure. The comparison of means was carried out using Duncan's multiple range tests.
RESULTS
There were significant (P < 0.05) effects of light color in all observed behaviour of Fayoumi chicken (Table 1 ). Eating and drinking frequencies were highest in chambers lit with blue and green light, respectively. Birds reared in chambers lit with red light were more active, as expressed by more intense walking, flying, head movement, litter scratching, body shaking, wing flapping, wing/leg stretching, feather pecking and aggression. In the meantime, birds kept in blue color chambers were calmer and this was evident by observing greater periods of sleeping, sitting and idling. An increase in preening and dust bathing was recorded in the green color chamber. In spite of the fact that there were no significant differences observed in plumage scores (Table 2) , foot condition (Table 3 ) and growth performance (Table 4) among the experimental groups, all plumage scores, the health status of the foot and toe (hyperkeratosis and lesion appearance) and the final body weight, growth rate and daily weight gain of birds kept in chambers lit with blue light were relatively better than others light color, but the differences did not reach the significance ( Both feet of all chickens were examined with discriminating any problems like hyperkeratosis and lesions. The scoring system assigned a value of 1 to 4 for each part, where 4 was the best condition and 1 was the worst condition. 
DISCUSSION
Poultry vision is more affected by light through influencing color discrimination in the eye retina, which can differentiate colors with different sensitivity levels (Lewis and Morris, 2000) , therefore we aimed to evaluate the effects of light colors on the behavior, growth performance, plumage and foot conditions in Fayoumi chickens that is considered one of the most famous Egyptian breeds. Broilers should be reared at light levels that let them see clearly and stimulate their activity (RSPCA, 2013) .
Recently, Sejian et al., (2011) defined animal welfare as "the ability of an animal to cope physiologically, behaviorally, cognitively and emotionally with its physiochemical and social life environment, including the animal's subjective experience of its condition". Behavioural studies are of great importance for improving the understanding and appreciation of animals. Our results indicated that all studied behaviors were significantly affected by light colors (Senaratna et al., 2012) .
In this study, high eating and drinking behavior frequencies were recorded in the blue and red light color chambers, respectively which supported by the findings of b who reported that bright red light considerably increased feeding and drinking behaviors, particularly when applied early in the growth period. In contrast, Senaratna et al., (2011) stated that light colors had no effect on eating behavior. Kinetic behaviors (walking, flying and head movement) were significantly affected by light colors, where chicken was more active under red light color than other colors (Senaratna et al., 2012; Son and Velmurugu 2009) . These results may be due to the different wavelengths of light, where the blue and green light color had a shorter wavelength (480 nm, 520 nm, respectively) than red (700 nm) and yellow colors (580 nm) (Shabiha et al., 2013) .
Litter scratching was highest in blue light color chambers in the current study, which was supported by the results obtained by Senaratna et al., (2011) who stated that the litter scratching was usually associated with eating behavior (Senaratna et al., 2011) unlike chicken reared under blue light color were more comfortable and calmer than others due to the significant increase in sleeping, sitting and idling behaviors. This study supported the theory that blue color created a calming effect on birds, where the frequencies of physical activities was lower in chambers lit with blue light. Moreover, in the present experiment, sleeping, sitting and idling activities were much higher under blue light color, that may be attributed to the fact that blue light color alleviated the stress response in broilers throught the reduction in the level of serum interleukin-1, as described by Xie et al., (2008) .
Comfort behavior (feather preening and dust bathing) was significantly higher in green light color. But, body shaking was observed in significantly higher frequencies in red and green light colors. Chicken in chambers lit with red color were higher in wing flapping that may be due to more activity than those raised under other colors (Rusty, 2011 ). In the current study wing/leg stretching was highest in chambers lit with blue and green color, which may be due to the fact that chicken were more calm than others (Bradley, 2015) . This was also reported by Olanrewaju et al., (2011) , who found that light was one of the major environmental factors for poultry production that influences growth development and physiological functioning. The light wavelength affected broiler performance, including of those reared in open houses with natural (solar) lighting, which are frequent in tropical climates (Guevara et al., 2015) .
CONCLUSION
In conclusion, Fayoumi chickens raised under different light colors had significant differences in all behaviors, but with no significant differences observed in plumage scores, foot condition or growth performance among different light colors. This study helps to support the theory that blue light creates a calming effect on birds.
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light colours. Abnormal behavior (aggression and feather pecking) were significantly higher in chickens reared under red light color than other colors due to the increase of activities of birds under red light color. This result may be due to light stimulation and may have an impact on the coping ability to the stressors (Campo et al., 2007) . Moreover, the light color have an effect on brain organization that impact the behavioral responses, including fear behaviour (Dharmaretnam and Rogers, 2005) . These results and interpretation were suggested by previous studies (Prayitno et al., 1997 a,b ; Danang, 2014) , while another study stated that feather pecking and aggressive behaviors were higher with blue light, but the observed differences did not reach significance (Mohammed et al., 2010) .
Light may be the most critical for chickens as it controls many behavioral patterns (Olanrewaju et al., 2006) . Recently poultry producers and consumers are concerned with raising poultry in improved and comfortable conditions (Harper and Henson, 2001) . Consumers equate good animal welfare standards with healthy feather and feet. Therefore, selecting optimal lighting colors allow birds to live a normal life. Previous studies mentioned that lighting treatments had insignificant effects on each of plumage and foot conditions (Farghly and Mahrose, 2012; Senaratna et al., 2011) which was comparable with our results.
The results on plumage condition was in disagreement with the observations of Van emous et al. (2003) , who stated that different light sources might affect plumage condition as reflected by the incidence of feather pecking. Chicken reared under blue light color possessed the higher final body weight
